Colony kin structure and spatial population structure were studied in multiple populations of the ant Formica lemani, using allozymes and DNA microsatellites. Average genetic relatedness between nestmate workers varied little between populations (r = 0.51-0.76), indicating that the average colony kin structure was relatively simple. Worker genotypes could not be explained with a single breeding pair in all nests, however, and the distribution of relatedness estimates across nests was bimodal, suggesting that single-and multi-queen colonies co-occur. We studied spatial population structure in a successional boreal forest system, which is a mixture of different aged habitats. Newly clear-cut open habitat patches are quickly colonized by F. lemani, where it is able to persist for a limited number of generations. Newly-founded populations showed signs of a founder effect and spatial substructuring, whereas older populations were more homogenous. This suggests that new populations are founded by a limited number of colonizers arriving from more than one source. Genetic differentiation among local populations was minor, indicating strong migration between them. There were, however, indications of both isolation by distance and populations becoming more isolated as habitat patches grew older.
INTRODUCTION
Spatial structure of populations determines how neutral genetic variation is distributed within and between populations (i.e. how much populations harbour genetic variation and how strongly they have diverged from each other). At short time scales, the main factor determining both phenomena is the balance between genetic drift and migration. The amount of genetic variation in the populations is determined by how effectively drift, as a function of the effective population size, eliminates genetic variation, and how fast migration introduces new variation to the populations. Drift also causes allele frequencies to diverge between populations, whereas migration counteracts this process. Hence, the genetic population structure reflects the vagility of a species, but the distribution of genetic variation can also contain information on the past migration events and past changes in population size, such as colonization of new populations and genetic bottlenecks, respectively. Assessment of the genetic population structure is important for understanding the evolution of species and populations in general, but also for identifying situations when endangered species' and populations' capability to retain their genetic variation becomes compromised.
Sociality introduces family groups as an additional hierarchical level within populations. Because of their ecological dominance and fascinating life style (Wilson, 1990) , social insects have become the main model for studying the evolution and population genetics of social organisms. Patterns of genetic relatedness and kin structure give important and novel information about their breeding system (Queller, 1993; Ross, 1993) , such as coexistence of multiple queens (polygyny), multiple mating by females (polyandry) , male production by workers, and fast queen turnover (Bourke & Franks, 1995; Crozier & Pamilo, 1996; Pamilo et al., 1997; Ross, 2001; Strassmann, 2001) . Furthermore, assessment of detailed genealogical relationships between given individuals or groups of individuals are the basis for testing various inclusive fitness predictions (Ratnieks, 1988; Boomsma & Grafen 1991) , and have provided some of the most conclusive evidence for this (Sundström, 1994; Foster & Ratnieks, 2000) .
In ants, population-level genetic phenomena are strongly affected by the social and genetic structure of the colonies, providing a direct link between the two hierarchical levels. In species and populations with monogynous (single queen) and weakly polygynous colonies, new sexuals usually take part in a mating swarm, which is expected to result in large homogenous populations and panmixia in a large area (Rosengren & Pamilo, 1983; Keller, 1991; Seppä & Pamilo, 1995) . On the other hand, in polygynous species and populations, mating can take place close to or on the nest and females are often philopatric. This should lead to stronger population structure, particularly in the mitochondrial genome, and also raises the possibility of nonrandom mating (Seppä & Pamilo, 1995; Chapuisat & Keller, 1999; Sundström, Seppä & Pamilo, 2005; Seppä, 2008) . Polygynous population type can be a result of stable and patchy habitats decreasing the success of dispersing females (Hölldobler & Wilson, 1977) .
In the present study, we investigated genetic population structure in the black ant Formica lemani Bondroit (Hymenoptera: Formicidae) by using both allozymes and DNA microsatellites as genetic markers. Formica lemani is a common boreo-montane species (Collingwood, 1979; Czechowski, Radchenko & Czechowska, 2002) , and its main habitat in Northern Europe are coniferous boreal forests. Boreal forest is a patchwork of habitats of different ages and successional stages and, in this system, F. lemani is a typical species of the early successional stages. It colonizes new habitat patches very quickly after disturbance due to windthrow or wild fire, and currently because of clear-cuts (Punttila et al., 1991; Punttila, Haila & Tukia, 1996) . Populations peak 10-25 years later (e.g. depending on tree species composition, soil fertility, etc.) but are negatively affected by the abundance of the slave-maker, Formica sanguinea. Finally, populations disappear when the canopy closes and mound-building Formica species take over, possibly 20-50 years after the original disturbance (Punttila et al., 1991 (Punttila et al., , 1996 Kilpeläinen et al., 2008) . Thus, F. lemani populations in a boreal forest are dynamic systems resembling a classical metapopulation, with only few nesting opportunities outside the suitable habitats. Local populations inhabit ephemeral habitat patches where they can survive for a limited period, and the tenure of the population can be limited to very few generations. To date, very few studies have analysed the genetic structure of ant populations in successional habitats, although see Seppä, Sundström & Punttila (1995) and Mäki-Petäys et al. (2005) .
The present study aimed to study the genetic structure of a set of F. lemani populations in system where local populations inhabit habitat patches of different age in a boreal successional forest, as well as the mating structure and demographic stability of these populations. The spatial population structure is presumably determined by the dispersal propensity of the sexuals and the subsequent success of females in founding new nests, but nothing is known about dispersal and colony founding in F. lemani. Freshly clear-cut forest patches are void of F. lemani, however, so new populations are initiated afresh by colonizing individuals. Therefore, we expect that newly-founded populations show signs of a founder effect. We further explored the effect of habitat dynamics on the genetic population structure by assessing the connection between the genetic parameters estimated and the age and isolation of the populations.
We also determined the colony kin structure by estimating genetic relatedness among nestmate workers. Previous genetic studies (Gardner et al., 2007) and other anecdotal information (Collingwood, 1979; Czechowski et al., 2002) have suggested that F. lemani colonies have multiple queens. The aim of the present study was to produce relatedness data from multiple populations to evaluate the generality of this interpretation. Large data sets allow us to confidently assess the distribution of single-nest relatedness estimates, and we compare the relatedness distribution of F. lemani with other Serviformica species. (Cajander, 1949) , where the sampling sites mainly differed in the age of the habitat, measured as years subsequent to the site being clear-cut . The size of each sampling site was 5-10 ha, and the nests were sampled so as to avoid sampling more than one nest potentially belonging to the same polydomous colony with multiple inter-connected nests.
MATERIAL AND METHODS

SAMPLING
In phase two, in 2007, we collected samples from one more site in Juupajoki (Yröskulma) and from one site in the UK. In Yröskulma, we sampled workers from 26 nests, nineteen of which were also excavated and their queen number recorded. In the UK, we sampled workers from 20 nests near Hathersage in the Peak District National Park, approximately 15 km south-west of Sheffield. The size of this sampling site was approximately 5 ha on a heath dominated by heather and ferns, and bordering a birch forest. The ages of the habitat and sample sizes are shown in Table 1 .
LABORATORY METHODS
We analysed all Juupajoki and Seitseminen samples with standard horizontal starch-gel electrophoresis (Seppä, 1992) . From both populations, ten workers were usually genotyped from each nest (range = 2-20, total = 1279 workers). Six enzyme systems and corresponding loci were studied: malate dehydrogenase (locus: Mdh, EC 1.1.1.37), isocitrate dehydrogenase (Idh, EC 1.1.1.42), phosphocluconate dehydrogenase (Pdd, EC 1.1.1.44), peptidase (Pep, 3.4.*.*; glycyl-Lleucine as substrate), cytosolic aconitase (Aco, EC 4.2.1.3), and glucose phosphate isomerase (Pgi, EC 5.3.1.9). In Yröskulma, we genotyped eight workers from each nest (range = 7-15, total = 249 workers) at four loci: Mdh, Pgd, Pep, and Aco.
In Yröskulma and the UK, we genotyped two to four workers from each nest (Yröskulma: total = 101; UK: total = 48) at ten DNA microsatellite loci. The loci used were: FL20, FL12 (Chapuisat, 1996) ; FE13, FE21, FE17, FE19, FE51 (Gyllenstrand, Gertsch & Pamilo, 2002); Fy13, Fy4, and Fy7 (Hasegawa & Imai, 2004) . DNA for polymerase chain reaction (PCR) amplifications was extracted from ground-up ants by incubating for 60 min at 90°C in 200 mL of 5% Chelex resin (Walsh, Metzger & Higuchi, 1991) ; BioRad). The PCR was carried out in 10-mL reactions including 1 mL template DNA solution (approximately 10 ng DNA), 2 pmol both primers of which the F primer had fluorescent label, 0.2 U Dynazyme DNA polymerase (Finnzymes), Dynazyme PCR buffer (10 mM Tris-HCl, pH 8.8, 1.5 mM MgCl 2, 50 mM KCl, 0.1% Triton X-100), and 200 mM each dNTP. The PCR amplifications were performed in PTC-100 thermal cyclers (MJ Research) with a profile that comprised an initial denaturation step at 94°C for 4 min, 30 cycles including a denaturation step at 94°C for 30 s, primer specific annealing temperature for 30 s (Gyllenstrand et al., 2002; Hasegawa & Imai, 2004) , an extension step at 72°C for 30 s, and a final extension at 72°C for 10 min. The PCR products were separated using automated capillary sequencer MegaBACE 1000 and sized against ET400-R standard (both from GE Healthcare). The genotypes were scored using the program Fragment Profiler, version 1.2 (GE Healthcare) and allele calling was confirmed manually.
POPULATION GENETIC ANALYSIS
Intra-population genetics
To assess the independence of the loci studied, we calculated linkage disequilibrium for all pairs of loci in all populations. We quantified the amount of genetic variation at each locus by calculating the number of alleles and expected heterozygosities according to the Hardy-Weinberg formula (H E), based on allele frequencies estimated by weighing nests equally. Because the number of alleles and heterozygosity both depend on sample size, we also calculated the allelic richness (RS; El Mousadik & Petit, 1996) and corrected the expected heterozygosity for the sample size as in Nei (1987) :
where N is the number of nests sampled. Allelic richness was calculated separately for the allozyme and DNA microsatellite data and, because only four of six allozyme loci were analysed in the Yröskulma sample, also separately for a dataset where this population was omitted. The mating structure of the population was estimated as the inbreeding coefficient, F (Wright, 1969) . Allelic richness and linkage disequilibrium were calculated with FSTAT, version 2.9.3 (Goudet, 2001 ) and inbreeding with RELATEDNESS, version 4.2 (Goodnight & Queller, 1994) . From the DNA microsatellite data in the Yröskulma and UK populations, we estimated recent changes in the effective population size, genetic bottlenecking, as a mismatch between the observed and expected distribution of allelic diversity, according to the mutation-drift equilibrium. This was based on three mutation models, the infinite allele model, the two-phase mutation model, and the stepwise mutation model. The variance for the two-phase mutation model was set to 30 and the proportion of mutations larger than one step to 10%. Significance was tested with a sign test and a Wilcoxon sign-rank test, as well as visual inspection of the allele frequency distribution (mode shift indicator), where an excess of alleles with low frequency (L-shape) is expected in a mutation-drift equilibrium. All these analysis were made using the software BOTTLE-NECK (Cornuet & Luikart, 1996) .
Intra-colony structure
To assess the kin structure of the nests, we estimated genetic relatedness between worker nestmates following Queller & Goodnight (1989) with the software RELATEDNESS, version 4.2 (Goodnight & Queller, 1994) . Standard errors of the relatedness estimates were calculated by jackknifing both across nests and loci.
We used Hartigan's diptest to assess whether the single-nest relatedness estimates were distributed multimodally (H 0 is unimodality; Hartigan, 1985; Hartigan & Hartigan, 1985) using the diptest package (Maechler & Ringach, 2004) in an R statistical environment (R Development Core Team, 2008) . We calculated the empirical quantiles of the dip statistics from simulations (N = 1 000 001). This analysis was applied to categorized data (relatedness in 0.1 intervals).
From the worker nestmate relatedness, we calculated the average genetically effective number of reproducing queens (N Q-E) in the nests using the equation:
where rw-w is relatedness among worker nestmates (Pamilo, 1993) . This calculation assumes that: (1) queens are singly mated; (2) relatedness among nestmate queens is similar to that among workers; and (3) paternal males in the same colony are not related. Queen mating frequency is not known in F. lemani, but is probably close to one (see below). The two latter assumptions are reasonable given our current knowledge of colony kin structure in ants in general (Sundström et al., 2005) .
Spatial population structure
We assessed the spatial population structure (i.e. the genetic divergence between populations) by first esti-mating FST both globally and between all pairs of subpopulations in Juupajoki and Seitseminen, following Weir & Cockerham (1984) and using FSTAT, version 2.9.3 (Goudet, 2001) . To further explore the relationship between small and large scale differentiation, we made a hierarchical F analysis by using GDA (Lewis & Zaykin, 2001 ) with Juupajoki and Seitseminen populations as the highest level of hierarchy (q P) and the subpopulations at the level below (qS). Because differentiation between nests simply reflects the degree of relatedness among colony members and does not give any information on population structure, we did not include the nest level in either of the F analyses. Finally, we assessed isolation by distance within the Juupajoki population by contrasting the pairwise F ST estimates with the geographical distance between the subpopulations with the Mantel (1967) test with the online version of GENEPOP (Raymond & Rousset, 1995) . In accordance with Rousset (1997) , we converted FST to FST/ (1 -FST) and used ln-transformed distances.
We also made a principal component analysis (PCA) to describe the spatial population structure. PCA was made from the covariance matrix, by leaving out the most common allele in each locus. Within-population heterogeneity (Wahlund effect) was explored by quantifying the dispersion of colonies in the four PCA eigenvectors explaining most of the variation in the data in each population. This was performed by calculating the standard deviation (SD) of the factor scores associated to the eigenvectors of the colonies, and exploring the association between the average SDs of the populations and their inbreeding coefficients with a rank correlation.
To test for effects of habitat succession in the Juupajoki and Seitseminen populations, we calculated rank correlations between the habitat age and the genetic parameters estimated. The parameters tested were the amount of genetic variation (R S, HE), inbreeding coefficient (F), worker nestmate relatedness (r), and the average pairwise FST.
RESULTS
GENETIC VARIATION AND POPULATION STABILITY
After correcting for multiple samples, none of the locus pairs showed significant linkage disequilibrium in any of the populations. Thus, all loci screened were retained for analysis. Populations had largely similar amounts of genetic variation in allozymes loci (Table 1) , but Yröskulma and UK populations differed in their patterns of DNA microsatellite variation ( Table 2) . Seven of ten loci had a higher allelic richness in Yröskulma than in the UK population, but only two of nine loci had a higher heterozygosity (Table 2) . However, deviations from the equal distribution were not significant in a sign test (R S: P = 0.17; HE: P = 0.09).
Both the Yröskulma and UK populations showed indications of recent decline in population size, but more clearly so in the latter. Of the mutation models, the two-phase mutation model is considered to be the most realistic mutation model for DNA microsatellite data and the Wilcoxon test is considered to be most powerful statistical test with the numbers of individuals and loci sampled in the present study (Cornuet & Luikart, 1996) . This combination indicates a statistically highly significant bottleneck in the UK population, but only borderline significance in Yröskulma (Table 3) . Sign test and other mutation models also support the result to some extent, and the mode shift indicator (Fig. 1) shows a clear excess of alleles with moderate to high frequency in both populations, indicating a bottleneck.
COLONY KIN STRUCTURE
The average genetic relatedness among worker nestmates was relatively high in the study populations (Table 4 ) and the 95% confidence intervals (CI) overlapped between populations. The average relatedness across all populations weighed with sample size was r = 0.65. In four populations, relatedness was close to 0.75, which is the expected value of the offspring of a single haplo-diploid pair but, in three populations, it was significantly lower than 0.75 (Table 4) . Direct POPULATION GENETICS OF FORMICA ANTS 251 scrutiny of the worker genotypes in the Yröskulma and UK populations also showed that they required more than one breeding pair to explain them. The distribution of the single-nest relatedness estimates was not unimodal (Hartigan's diptest for categorized relatedness values: dip = 0.0838, P < 0.001, N = 167; Fig. 2) . In approximately 75% of the nests, relatedness was above 0.5, with a distinct peak at r =~0.75. In the remainder of the nests, relatednesses were scattered at values below 0.5, with a less distinct peak at r =~0.30 (Fig. 2) . The genetically effective queen number varied in the range 1.0-1.6 (Table 4 ) and the average across all populations was 1.28 (weighed with sample size).The number of queens in the nineteen nests excavated in the Yröskulma population was in the range 0-8, with an arithmetic mean of 1.37 queens. No queens were found in six nests, and assuming these are monogynous, the harmonic mean number of queens is 1.17. If this figure is used in eqn. (1) as N Q, the expected worker nestmate relatednesses r = 0.67, is only slightly smaller than the estimated one (r = 0.71; Table 4 ).
POPULATION STRUCTURE
Global population differentiation between Juupajoki and Seitseminen subpopulations was weak but nevertheless significantly greater than zero (FST = 0.013 ± 0.002, 95% CI = 0.010-0.018). Accordingly, the PCA did not detect any spatial pattern either, and the factor scores associated with the colonies were widely scattered in all populations and in In the Wilcoxon test, P-values are given only for one-tailed tests for heterozygosity excess; none of the tests for heterozygosity deficiency were significant. all eigenvectors (Fig. 3) . A hierarchical analysis showed slight and significant differentiation at subpopulation level (qS = 0.012, 95% CI = 0.009-0.017), but no differentiation at population level (qP = 0.001, 95% CI = -0.008-0.007). In Juupajoki, the pairwise FST estimates increased with geographical distances, but the correlation was not significant (Mantel test: b = 0.004, P = 0.086; Fig. 4) . However, the average pairwise FST values were highest when the population located furthest away (Naurisvuori) was one of the members in the pairwise comparisons (FST = 0.013 ± 0.005 versus 0.008 ± 0.004). Inbreeding coefficients varied rather widely around zero (Table 4) , with the largest estimates coming from the youngest populations (Ahvenkangas N, Yröskulma; Table 4 ). In the PCA, the first four eigenvectors explained a total of 88% of the variation in the data, and the SDs of the factor scores associated with the colonies in each population were strongly correlated with the inbreeding coefficient in the same population (PC1: r S = 0.94, P = 0.003; PC2: rS = 0.83, P = 0.033; PC3: rS = 0.77, P = 0.058; PC4: rS = 0.89, P = 0.017; N = 6 populations for all).
HABITAT AGE AND GENETIC CORRELATES
There were no associations between habitat age and allelic richness or heterozygosity in the allozymes loci (13 tests, Spearman rank correlations, P > 0.10 in all cases; Table 1 ) and the average worker relatedness in the Juupajoki population decreased only slightly with the age of the habitat (rS = -0.34, P = 0.44, N = 6). The correlation coefficients between habitat age and inbreeding (rS = -0.54, P = 0.23, N = 6) and between habitat age and the average pairwise FST (rS = 0.64, P = 0.17, N = 6) were even higher, but nevertheless nonsignificant.
DISCUSSION COLONY KIN STRUCTURE
In most of our study populations, the average worker nestmate relatedness was consistent with the hypothesis of a single pair breeding in the nests. However, in some populations, the average worker nestmate relatedness was significantly lower than the expected for the offspring of a single pair (r = 0.75). Furthermore, single-nest relatednesses had a wide distribution, with some nests having very low relatednesses (Fig. 2) and DNA microsatellite data indicated that worker genotypes in many colonies could not be explained by a single pair. This all shows that the breeding system is not always that simple in F. lemani nests. The source of deviating worker genotypes can be due to either multiple queens or multiple matings by the queens, but these cannot be separated with our data. However, it appears that, because the worker nestmates relatedness is high in some populations, the average queen mating frequency must be relatively low. In a previous study, an increase in the queen number was associated to habitat succession in some boreal ants, but the effect was observed only in species that persist long enough in the habitat and can perceive it as stable . Formica lemani is able to persist in its habitat patch until the canopy closes (Punttila et al., 1991; Punttila et al., 1996) , which may be anything from approximately ten generations to considerably more. Habitat age had only a minor effect on worker nestmate related- ness in F. lemani, however, indicating that suitable habitat patches in a successional forest may only seldom be stable enough for them. Populations studied in the UK (Gardner et al., 2007 ; present study) lend indirect support for this idea. Habitats in the UK are typically stable and long-lived compared to habitat patches in a boreal forests, and they showed a lower worker nestmate relatedness (r = 0.44, weighted average across five populations) than populations in Finland (r = 0.66, weighted average across seven populations).
In Serviformica, colony kin structure has been studied in detail in three other species: Formica cinerea (23 populations: Goropashnaya, Seppä & Pamilo, 2001) , Formica fusca (5 populations: Helanterä, 2004) , and Formica selysi (one population: Chapuisat, Bocherens & Rosset, 2004) . Average nestmate relatedness varies across populations, particularly in F. cinerea (Goropashnaya et al., 2001) , and single-nest relatednesses are not unimodal in any of the species (Hartigan's diptest for categorized data: F. selysi: dip = 0.0848, P < 0.0001, N = 112; F. fusca: dip = 0.0640, P < 0.0001, N = 162; F. cinerea: dip = 0.0652, P < 0.0001, N = 268; Fig. 2) . In all species, one group of nests has high relatedness centring around 0.75, whereas the relative size and location of the other group depends on the species, with the peaks ranging from zero in F. cinerea to approximately 0.4 in F. fusca. The average worker nestmate relatednesses (weighed averages across populations) varied between species (F. lemani: r = 0.65, present study; F. selysi: r = 0.54, Chapuisat et al., 2004; F. fusca: r = 0.47, Helanterä, 2004; F. cinerea: r = 0.34, Goropashnaya et al., 2001) , and the distributions of single nest relatednesses were significantly different between all pairs of species (two-tailed paired Kolomogorov-Smirnov tests, all P < 0.016), except for the pair lemani-selysi (P = 0.064).
These comparisons seem to reflect the distribution of queen numbers in Serviformica. A large proportion of nests have worker nestmate relatedness centred around 0.75, suggesting that they have a single queen. The rest of the nests have a lower worker nestmate relatedness and, consequently, must be more polygynous, but in a species specific manner. In F. cinerea and F. selysi, the distribution of single-nest relatednesses is clearly bimodal (Fig. 2) , with most nests being either monogynous or highly polygynous. On the other hand, bimodality is not that clear in F. lemani and F. fusca, where a larger proportion of nests have moderate queen numbers (Fig. 2) .
TEMPORAL POPULATION STRUCTURE
Bottleneck analyses indicate that both Yröskoski and UK populations have experienced a recent reduction in their effective size, with the result being stronger in the UK population. Other information on the study populations suggests that the demographic event resulting in the population size reduction was not the same. In the Yröskoski population, clear-cutting 5 years prior to collecting sets the maximum age for the population, and it was supposedly in a rapid growing phase with many new queens initiating new nests. In this situation, a classical genetic bottleneck with a dip in the effective population size is not a likely explanation for the observed signal. Rather, it appears to be an indication of the founder effect. In the UK population, the signal was strong and statistically clear. The population occupies a relatively stable habitat of approximately 5 ha, and the signal supposedly reflects true reduction in the effective population size (i.e. genetic bottleneck). However, no demographic information is available to support this.
SPATIAL POPULATION STRUCTURE
The youngest populations, Ahvenkangas N and Yröskulma, showed signs of nonrandom mating. The elevated inbreeding may result either from true inbreeding or from hidden population structure (i.e. the Wahlund effect). The Ahvenkangas N site was sampled directly after the disturbance and, as a colony needs some years to grow to a large enough size to produce the first generation of new sexual offspring, all queens breeding at the site must have been immigrants from other sites. In this situation, true inbreeding in the offspring generation would result only if immigrating queens mated to related males would selectively end up in the new populations. This is unlikely, and a more plausible explanation is that newly-founded populations receive immigrants from several sources and the small genetic differentiation between the source populations results in population subdivision that went unnoticed in the field. This is also supported by the PCA. SDs of the factor scores associated to the colonies, which we used as a relative measure of the genetic heterogeneity of the populations, were positively associated with the inbreeding coefficient of the same population. This suggests that Wahlund effect is the reason for the elevated inbreeding coefficient.
The biology of F. lemani is poorly known, but resembles its close relative F. fusca in many respects (Collingwood, 1979; Czechowski et al., 2002) . For example, F. fusca is considered to be a poor disperser (Vepsäläinen & Pisarski, 1982) and there are indications of somewhat restricted gene flow between closely located populations (Hannonen, Helanterä & Sundström, 2004) . Nothing is known about dispersal POPULATION GENETICS OF FORMICA ANTS 255 in F. lemani but, assuming that F. lemani resembles F. fusca also in this respect, local populations should be differentiated from each other to some extent. However, there was very little genetic differentiation between local populations in the main study area but, nevertheless, migration was not completely free across the area. There was an indication of increasing differentiation with increasing distance in the Juupajoki population, and pairwise F ST values were also larger in older populations. This suggests both an isolation by distance effect, and that immigration is affected by the resident ant population to some extent. Interestingly, hierarchical F analysis shows that differentiation of local populations overrides differentiation at larger scale, indicating that local processes are most important determinants of spatial population structure in F. lemani.
The assumption of poor dispersal in Serviformica is partly correct, however, because F. fusca appears to be a poorer disperser than F. lemani. The two species coexist in the Juupajoki and Seitseminen populations, and 15% of our samples were F. fusca. Genetic differentiation between the same populations (1-9 nests/ population, total 21 nests) was higher in F. fusca (F ST = 0.06) than in F. lemani.
Considering the dynamic nature of the habitat system, weak differentiation is not surprising because continuous founding of new populations is possible only if the dispersal ability of the new F. lemani queens is good enough to cover substantial areas. Indeed, strong genetic differentiation is not even expected in a metapopulation set-up, if migrants are derived from multiple sources (Wade & McCauley, 1988 ), which appears to be the case in F. lemani. Furthermore, forest patches created by clear-cutting are the main but not the only suitable habitats for F. lemani in the successional boreal forest. Other open habitat patches, such as forest roads, also can be suitable habitats for F. lemani, and serve as important dispersal corridors.
F. LEMANI IN A DYNAMIC BOREAL FOREST
The F. lemani population in a successional boreal forest resembles a classical metapopulation, where suitable habitat patches are ephemeral and support a local F. lemani population only for a limited period. Habitat succession generally had only a small effect on the genetic parameters estimated, but this may partly be due to the small sample size (number of populations) rather than the lack of effects that environment may have on populations. There were only minor changes in the amount of genetic variation as populations grew older. Because neutral genetic variation is largely a function of the effective population size, our results, if anything, show that there are no major changes in the effective size of local F. lemani populations once they have been established.
On the other hand, the highly dynamic system leaves its footprints on the spatial and temporal structure of F. lemani population systems. Populations are divided into a large number of local populations of different ages, connected with relatively strong gene flow. Signs of founder effect and nonrandom-mating suggest that populations in new habitat patches are initiated by a limited number of colonizers, but that the colonizers come from several sources. After the initiation phase, populations return to random mating, possibly because nests start producing sexuals and interbreeding within the population. Local populations also continue to receive migrants throughout their tenure, but with a slightly decreasing rate. The decreasing migration rate could be caused by increasing intra-and interspecific competition making founding of new colonies increasingly difficult as the populations age. Conclusive evidence for this will be provided by studies of the genetic structuring of mitochondrial and nuclear genetic markers in parallel in a population system similar to that employed in the present study.
